Web Appendix
LC-MS/MS system
A Waters Acquity Ultra Performance Liquid Chromatography system was used to separate the peaks of interest. Chromatographic separation was achieved using a Waters SunFire C18 (3.5µm 100mm x 2.1mm id) analytical column fitted with a guard column. Column life was improved by fitting a 10mm C18 guard column. Column temperature was maintained at 40 o C.
Mass detection was based on the following parameters. A Waters Premier XE with a Z spray source, in electron spray ionization (ESI)-positive multiple reaction model, was maintained at a source temperature of 130 o C. Desolvation temperature was set at 250 o C, gas flow at 950L/h and argon collision gas set at 0.3mL/min. QuanLynx software was used to calculate relative retention time for peak identification and peak area ratios with internal standardisation for quantitation. Mobile phase A contained 2mmol/L ammonium acetate (supplied by VWR International) in 0.1% formic acid (Fluka Chemical Company). Mobile phase B contained 2mmol/L ammonium acetate in methanol containing 0.1% formic acid. A binary step gradient was used to clean the column of any late eluting peaks. Elution of the vitamins was achieved using 84% B at 0.4 ml/min for 3.5 mins and then switching to 100% B for a further minute before returning to 84%B. Injection interval was set to 5.5 mins, allowing 1 min for re-equilibration of the column before the next injection. Solvent divert was used to allow data acquisition to take place between 1.2 and 3.5 mins. Eluent was then introduced into a Waters Premier XE tandem mass-spectrometer fitted with an ESI source. Coefficients of variation were less than 16% across the working range of the assay.
Seasonal adjustment of 25(OH)D measures
To more accurately rank individuals by their underlying 25(OH)D concentrations, 25(OH)D measures were adjusted for season of sampling. This accounts for seasonal variation in 25(OH)D3 produced by changes in ultraviolet B radiation in sun exposure across seasons. It has been suggested that not accounting for seasonal variation in 25(OH)D results in associations with outcomes being biased towards the null (2) . Total 25(OH)D was modelled against the date of blood sampling using linear regression with trigonometric sine and cosine functions, using the function where α, βh, and θh are estimated regression parameters and t is the date of blood sampling.
The number of terms included was chosen to produce the best fit of the data after using Wald tests and graphical plots. Models were applied separately in two sections, for participants visiting the assessment centre before and after an approximate break in assessments conducted during a month over the Finnish spring holiday period. The residuals from these models were then used as a variable for season-adjusted 25(OH)D in all analyses. 
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